Introduction
It has been predicted that there has been a continuous crosstalk in between the stem cells and their machinery the niche, while the stromal population in the microenvironment (ME) mediate a potential protective network to provide a healthy uninterrupted stem cell generation. Several observations revealed that in the bone marrow (BM) the stem cell (SC) generation machinery together with the ME is protected from external infection. One most virgin field is to consider how the SC ME, is protected from infection or other foreign invasion. The existence of immunological interactions can be considered with much emphasis that can play a significant role in maintaining healthy SC generation. Concurrently, it can be argued that infection or inflammatory reactions may dysregulate the SC -niche physiology keeping the stromal cell function in between.
Stem cells and their microenvironment: the niche
Stem cells constitute the revolutionary concept in regenerative biology and medicine that can eventually explore the world of physiological mystery for the developing organisms including higher mammals (1) . Men are no exceptions to these and the stem cell research is expected to unearth several unexplained phenomena those lead to initiate several intricate disease conditions (2-4). Stem cell populations are nowadays shown to be established in "niches" -the specific anatomical locations constituting the microenvironment that is believed to regulate tissue generation, maintenance and repair. Recent evidences point out "that niche saves stem cells from depletion while protecting the host from over exuberant stem cell proliferation" (5-10). The ultimate network that constitutes the basic unit of tissue physiology involves several signaling cascades that mediate the balanced response of the stem cell to the need of the organism. But controversies arise when the dysregulation induces pathological conditions imposing aberrant functions of stem cells or other targets (2, 5, (11) (12) (13) (14) (15) (16) .
The stromal cells in action and functional attributes
The stromal cells are now known to constitute a group of cells that act as the supportive 'mattress' on which the maturing precursors of blood or in other words the stem and the progenitor cells rest directly (17) . The growth and differentiation of haematopoietic stem cells/haematopoietic progenitor cells (HSCs/HPCs) in the BM rely on instructive signals provided by a specialized ME. The stromal cells exert their effect on haematopoietic cell via direct cell-cell interaction as well as by releasing soluble factors (18) (19) (20) . It is also presumed that stromal cells in turn also might receive signals provided by developing haematopoietic cells in the BM ME. It is believed that in order to maintain haematopoiesis in vivo, stromal cells are organized into specialized ME at compartments or niches (21) (22) (23) .
However, very little is known about the structural microcompartments as well as the factors that govern the growth, maintenance and localization of stromal cells. The formulation of stromal structure engraved in the form of a matrix and their role in constituting microenvironmental nest the niche has been indicated in our previous citation (24) . The details of the mystery of crosstalk between the stromal cells for the generation of healthy stem cells are yet to explore but evidences are available that the cytokine mediated signaling represent the crosstalk in between stem and stroma for the subsequent development in the niche (25) (26) (27) (28) . Other evidences are also outcoming to support the view that the "niche-stroma-stem apparatus" has spontaneous crosstalk via cytokine mediated regulatory molecules for specifically directed differentiation and growth ( Figure 1 ).
The stromal role in the niche: the probable interaction for stem cell generation
The exact nature and the structure of the stem niche are now under continuous discussion. We and others have ample evidences that the stromal cells are the most important constituent of the niche structure (5, 24, (29) (30) (31) (32) (33) (34) (35) (36) (37) . The shaping of the niche structure is under continuous dynamics, most possibly due to regeneration oriented need of the constituent factors within the niche entity. The BM cells as a whole, when put into culture, are represented with plastic adherent cells, showing multipotent differentiation capacity in vitro and are diffusely termed as stromal and/or mesenchymal stem cells (31, (38) (39) (40) . Indeed as early as in 1978, Schofield has conjectured about the stem cell niche where it was proposed that adult haematopoietic stem cell reside within a complex ME of different cell types and extra-cellular matrix molecules that dictate SC self renewal and progeny production in vivo (34, 41) . Subsequent to the work of Schofield, in 1985 Owen propounded that the marrow stromal cells had the following criteria: a) they are found in the extravascular compartment of the mammalian BM; b) they participate in providing physical and functional support for the haematopoietic cells; c) they are not of haematopoietic lineage and d) they are numbers of marrow stromal system (42) (Figures 2A, 2B) . These hinted at the presence of closely related BM derived stromal/mesenchymal stem cells (MSCs) which are found to be essential components of the niche structure (43) . We presume that the stromal cells in different forms also have a great interplay in the generation, release, differentiation and traffic of stem cells/progenitor cells, those can exhibit functional competence and plasticity (5, 24, 29, (44) (45) (46) . More recently, the term multipotent MSC has been proposed for the plastic adherent population derived from multipotential adult progenitor cells without implying unproven biologic or therapeutic potential (47) . It has been shown that MSC pool comprises not only putative MSCs but also subpopulation at different steps of differentiation potential. Further, unlike other SCs, MSC may not have their own protective niche and seem not to be restricted to their tissue of origin (48, 49) . While recent reports provide data that there is continuous conversation in the way of signaling through various cytokines and related humoral factors (24, 29) , there should be a highly restricted barrier or protective device that can resist interference with this "tightly coupled cross talk" within the niche where the healthy generation system pursue. Much remains to be done regarding the crosstalk and the stem cell expression and function, but evidences are accumulating that the stromal cells through the delicate mechanism can provide the protective function for nourishing stem cells. The niche matrix ( Figure 2C ) is supposedly the stromal bed containing several degrading enzymes like matrix metalloproteinases, adhesion molecules, extra cellular protein products, chemokines all guided through specified gene expression (50) (51) (52) (53) (54) . The stromal cells might have several important functions for the SCs to grow, differentiate and serve their functions, but an exciting area is the immunological behaviour that they can exhibit along with (44, 55) .
Is stroma protective for stem cells?
Earlier studies with haematopoietic ME of BM with special reference to haematopoietic stroma revealed that the stromal structure plays important roles in both structural and functional maintenance and promotion for subsequent development as a matter of basic physiological need (56, 57) . Reports concerning the protective device from infection and inflammatory conditions were neither available nor had enough support of explanation during the period. It is until recently when some sporadic reports raised the question of maintaining the SC environment from external invasion or inflammation. The close relationship of the HSCs with the bony intermedia was osteoblastic and osteogenic potential are found to bear a mutual crosstalk, carry a significant protective role for the stem cells to grow, differentiate and multiply in health (58) . Protracted information with some agents like osteopontin that is a haematopoietic SC niche component has been described to constitute a bridge between the bony matrix and the immune system (59) (60) (61) (62) . It is interesting to note that in the immune system osteopontin (OPN) plays a role in chemotaxis, leading to the migration of the macrophages or dendritic like cells to the sites of infection/inflammation. Activation of T lymphocyte results in an increase in OPN transcription; the work of Weiber et al. (63) have demonstrated that OPN is a T lymphocyte suppressor factor and that it enhances B lymphocyte mediated immunoglobulin production and proliferation. Furthermore, OPN has been reported as an important cytokine mediated Thy-1 immunity (64) . A number of cell surface receptors are also activated under the influence of OPN that help in cell adhesion, migration and specific signaling functions. The presence of four main cell types termed the stromal cells, including macrophages, osteogenic cells notably of osteoclastic activity, the reticular cells and adipocytes are all known to exhibit phagocytic activity under the event of emergency. They can act as the scavenger cells to clear up the niche structure and provide a potential protective machinery against the foreign invasion. Presumably, they form an anticipated immunological barrier surrounding the in vivo ME favouring healthy haematopoiesis (17, 65) . Such concepts are currently been reconsidered (5, 44) . However, this discussion needs extensive validation with more relevant and satisfactory data for better support.
Stem cells and immunological functions
Keeping with the above, we performed several immunological investigations to verify the involvement of stem cells in the immunological network, if any, that provide the defense to protect the niche environment (24, 25, 44, 55, (66) (67) (68) (69) .
Our data are consistent with the findings to show that the SCs do exhibit cytotoxic efficacy, phagocytic activity ( Figures 3A, 3B ) and constitute the machinery of antigen presentation along with the stromal cell association. We presume that the stromal cells might have an important role as the antigen presenting cell (APC) as is found with the macrophages and the dendritic cells. We have established data (Figure 4 ) which showed that stromal cell help auxiliary immune function playing the role of APC at particular event and that such functions of both stem and stromal cells can be modified by non-specific biomodulators (68, 69) . This concept has also been explored by Scadden in 2006 (5) .
Thus the concept that SCs are functionally null is far away from the reality and calls for further studies to clarify several unanswered questions relating to the involvement of specific or non-specific immunity for a particular disease condition or other pathology. It is noteworthy at this context that BM infection is relatively well protected compared to other systemic pathology or disease contraction.
Although the immunity in a stem cell niche, the involvement of stromal system, the BM matrix, and the osteogenic cells are still to be studied in more intricate manner, it is logistic to maintain the concept that SCs are regenerated, differentiated and grown to desired health in a safe immunological environment which may be considered as a more delicate and complicated regulatory approach to the immune system and may open up several lacunae to be filled up with more carefully designed studies. Niche has its own immunological ME for protecting the SCs in a safe environment.
